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Abstract 
An experiment on the application of diesel and ethanol blends as fuel in diesel engine was carried out at various 
engine loads and ethanol percentages. The experiments were performed using solar, E2.5%, E5%, E7.5%, and E10% 
ethanol-diesel blends and 0, 10, 20, 30, 40, 50 and 60 Nm engine loads. Several engine parameters i.e. power, brake 
specific fuel consumption, brake thermal efficiency, the exhaust gas temperature, and lubricating oil temperature 
were investigated.  As a complement of the experiment, the exhaust emission characteristic of CO, HC and smoke 
were also investigated. The results indicate that the engine power and the indicated mean effective pressure increase 
with increasing of ethanol percentage. The brake specific fuel consumption and exhaust gas temperature decrease, 
meanwhile the lubricating oil temperature increase with increasing the ethanol content.  From the experiments, as the 
increase of ethanol percentage content, the emission of CO, HC and smoke decrease. 
 
© 2012 Published by Elsevier Ltd.  
Selection and/or peer-review under responsibility of Research Centre for Electrical Power and 
Mechatronics, Indonesian Institute of Sciences 
 
Keywords: Engine performance; emissions; ethanol-diesel blends. 
1. Introduction 
Recently, the extinction issue of fossil fuel due to continuous usage become the focus attention for all 
of people in the world who depend on this energy source in every their activity. The people attention is 
also increasingly focused on fossil fuel due to the fact that continuously usage of this fuel believed causes 
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environmental problem i.e. air pollution and global warming. Hence, currently many researchers all over 
the world has been tried to look for a solution by exploring and using an alternative fuel which is 
environmental friendly and also sustainable availability.  
The diesel engine is one of the internal combustion engines that can convert the chemical energy of 
fuel into mechanical work. Diesel engine has a higher thermal efficiency and produces higher power that 
can save more fuel compared to gasoline engine [1]. Therefore, diesel engines are usually used on large 
buses, trucks, heavy duty equipment, agricultural equipment and industrial machinery. However, diesel 
engines also produce gaseous pollutants such as carbon monoxide (CO), carbon dioxide (CO2), sulphur 
oxides (SOx), nitrogen oxides (NOx), unburned hydrocarbons (HC), and particulate matter (PM) [1-3]. 
Until now diesel fuel is usually derived from fossil fuel. Therefore, alternative fuels are needed to replace 
fossil-based fuel, and used for both reducing the consumption of fossil-based fuels and pollutants in the 
exhaust gases. 
 Ethanol was known as possible candidate for alternative fuel and many studies are conducted to 
develop this fuel [4]. Ethanol has a number of advantages compared to fossil fuels that can be directly 
mixed in the fuel tank, is injected into the combustion chamber and burned in order to reduce exhaust 
emissions [5]. This material is derived from a renewable resource that is not limited in the form of plants 
that can grow well or biomass containing sugar, starch or cellulose [6]. By mixing the ethanol with fossil 
based fuels in diesel engine may help extend the life of the supply of fuel, ensure the safety of the larger 
fuel supply, reduce environmental problem, increase agricultural economy and avoid dependence on 
fossil fuel-producing countries. Based on previous studies, it is very difficult to get a mixture stability of 
ethanol diesel fuel by direct mixing [7,8]. Today, the problem can be solved by adding octyl nitrate [8], 
nitrite glycol [4], triethilene glycol dinitrate (TEGDN) [4], and methyl ester [7,9] as an additives. 
Several studies have been widely reported on the application of ethanol diesel blends in compression 
ignition engine [7,10-18]. The performance of a constant speed, stationary diesel engine using ethanol-
diesel blends as fuel has been evaluated experimentally by Ajav et, al [19]. The experiment resulted the 
brake specific fuel consumption is slightly increased when higher blends of ethanol are used and exhaust 
gas temperatures and lubricating oil temperatures were lower for ethanol-diesel blends than straight diesel 
fuel. The performance and emission of four cylinders diesel engine fueled with ethanol-biodiesel blends 
were characterized by Zhu et al [20]. The characterization was conducted by comparing the diesel engine 
on ethanol biodiesel blends and to compare these results with those operating on neat biodiesel and Euro 
V diesel fuel. The results show that in generally, with high percentage of ethanol in the biodiesel ethanol 
blends, the HC, CO emissions could increase. But the use of biodiesel ethanol blends 5% could reduce the 
HC and CO emissions as well. Chauhan et al [21] studied experimentally on fumigation of ethanol in a 
small capacity diesel engine with various engine loads. Results from the experiment shown that fumigated 
diesel engine exhibit better engine performance with lower NOx, CO, CO2 and exhaust temperature but 
resulted in increase of unburned hydrocarbon (HC) emission in the entire load range. 
From the above literatures it is clear that utilization of ethanol in diesel engine can be operated such by 
blending and fumigating process. Due to the lack information on performance and emission of diesel 
engine fuelled with ethanol-diesel blends at various engine loads and ethanol percentages, therefore, the 
further study is necessary. In order to obtain more detailed performance and emissions data on the 
ethanol–diesel fuel blends, the current study is to determine some parameters of performance and 
emissions of the two cylinder direct injection diesel engine at various engine loads and ethanol 
percentages. 
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2. Experimental setup and procedure 
2.1. Fuel preparation 
“SOLAR” as the brand for diesel fuel produced by PT. Pertamina, Tbk., and four blends of ethanol 
with SOLAR (2.5%, 5%, 7.5% and 10%) on a volume basis, called E2.5%, E.5%, E7.5% and E10% 
respectively, were used in this experiment. The 99.6% purified ethanol and "SPAN 80" sorbitan methyl 
ester as surfactant, were obtained from local market. As the complementary information the properties of 
diesel fuel and ethanol are presented in Table 1 according to Rakopoulos et al [10]. Ethanol diesel blends 
were prepared by blending in a blender machine in desired dose for 15 minutes at 250 rpm to obtain the 
homogeneity of the blends. To maintain the stability of the ethanol-diesel blends, 1% of surfactant 
measured from total blends was added during blending process.  
Table 1. Properties of diesel fuel and ethanol [10] 
Properties of diesel fuel and ethanol Diesel Ethanol 
Density 20oC, kg/m3 837 788 
Cetane number 50 5-8 
Kinematic viscosity at 40oC, mm2/s 2,6 1,2 
Surface tension at 20oC, N/m 0,023 0,015 
Lower calorific value, MJ/kg 43 26,8 
Specific heat capacity, J/kgoC 1850 2100 
Boiling point 180-360 78 
Oxygen, % weight 0 34,8 
Latent heat of evaporation, kJ/kg 250 840 
Bulk modulus of elasticity, bar 16000 13200 
Stoichiometric air-fuel ratio 15,0 9,0 
Molecular weight 170 46 
Table 2. Engine basic data 
Engine parameters Basic data 
Model and type Fujikawa 295D, diesel four stroke  
Number of valve 4  
Air charge system  Naturally aspirated 
Cylinder / type 2 / Vertical 
Volume (cc) 1630 cc 
Diameter x stroke  95 x 115 mm 
Compression ratio 19 : 1 
Maximum torque 96.9 Nm at 1500 rpm 
Maximum power 13.5 kW at 1500 rpm 
Fuel system Direct Injection 195 bar 
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Fig. 1. Schematic diagram for experimental set-up 
2.2. Engine experiment installation 
A two cylinder direct injection stationary diesel engine (Fujikawa, China) was selected for the 
experiment. The basic data of the engine were presented in Table 2. The experiment was carried out by 
set-up the diesel engine on an engine test bed that. Fuel balance, emission meter, smoke meter, pressure 
sensor, crank angle sensor, and temperature sensor for intake and exhaust manifold were also installed. 
To manage the rpm and engine loads the engine was coupled with eddy current dynamometer. Fuel 
balance used for fuel consumption measurement and flow of air intake was measured using hotwire 
anemometer. Meanwhile, the pressure sensor and crank angle sensor were combined to measure the 
indicated mean effective pressure (IMEP). The schematic diagram for experimental set up is presented in 
Fig. 1. 
2.3. Experimental procedure 
The experiments were conducted refer to ISO 17025 standard for laboratory, ISO 8178 standard for 
emission test, and ISO 3046-1 standard for diesel engine test. The engine was operated using fuel test that 
was prepared at 1500 rpm. The loads were set on 0, 10, 20, 30, 40, 50 and 60 Nm via dynamometer 
control unit. Then, the parameters of the engine in every operated condition  were recorded i.e. IMEP, 
fuel consumption, air intake consumption, oil engine temperature, air intake and exhaust temperature, 
cooling water temperature both intake and outlet of radiator, and emission of CO, HC and smoke. The 
IMEP and fuel consumption data were recorded at least twice in each test.   
Although each measurement tools and sensors were well calibrated, they always have accuracy and 
measurement uncertainty corresponding to their specification. The list of accuracy, measurement and 
calculation uncertainty of this research is shown in Table 3. 
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Table 3. Accuracy, measurement and calculation uncertainty 
Item of measurement  Accuracy Calculations Uncertainty (%) 
Soot density +1 g/m3 Fuel flow volume +2 
CO +5 % Power +1 
HC +20 ppm Specific fuel consumption +1,5 
Rpm +5 rpm Efficiency +1,5 
Torque +0,2 Nm   
3. Results and discussion 
3.1. Brake power  
The brake power or effective power developed by the engine using diesel and ethanol-diesel blends at 
various load is presented in Table 4. From the table the maximum load was 60 Nm for all type of fuels. 
The engine was stalled when operated more than 70 Nm. From the table it can be seen that the maximum 
brake power of 9.05 kW was developed by the engine on ethanol-diesel blends E7.5%. The maximum 
brake power was corresponded by engine speed at 1440 rpm. This condition is very significant compared 
with the maximum brake power for the engine on diesel fuel that was achieved at 7.55 kW. The engine 
speed corresponds to 1441 rpm. This results is not agrees with an earlier study [19] which showed that 
there was no significant difference in power produced by a diesel engine operated with diesel and ethanol 
diesel blends. Refer to these results; the 99.6% purified ethanol and "SPAN 80" sorbitan methyl-ester as 
surfactant was suspected as cetane improver. 
3.2. IMEP 
The relationship between engine load and IMEP for diesel, and difference ethanol-diesel blends are 
shown in Fig. 2. The figure shows that the IMEP trend for diesel and different ethanol-diesel blends are 
tend to similar. The IMEP increased with an increase in an engine load. The highest of IMEP obtained by 
the diesel engine fuelled with ethanol-diesel blends E5% and followed by E7.5%.  
 
Fig. 2. IMEP at various engine loads for different fuels 
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Meanwhile the lowest IMEP value obtained by the diesel engine operated with ethanol-diesel blends 
E2.5%. In this case, the additions of ethanol with lower cetane number in diesel fuel caused delay in start 
of combustion, therefore, resulted too much fuel supply in premixed phase. Then, the engine will 
produces higher pressure of combustion chamber. This condition is agreed with earlier study [20]. 
3.3. Brake specific fuel consumption (BSFC) 
Fig. 3 shows the experimental results of the BSFC with the engine load variation, when the engine 
fuelled by diesel and different ethanol-diesel blends. From the figure it can be seen that the BSFC trend 
for diesel and ethanol diesel different ethanol-diesel blends are similar. The trend shows that due to the 
load increased, the BSFC will decrease. The highest BSFC of diesel engine resulted when using diesel 
alone as fuel. This condition is dissimilar with others researcher result [10 and 11] in which the increase 
of ethanol percentage in ethanol diesel blends, the BSFC value will increase. 
Table 4. Various load and brake power with different fuels 
Serial no. Load (Nm) 
Brake power developed (kW) 
SOLAR E2,5% E5% E7,5% E10% 
1 0 - - - - - 
2 10 1.56 1.56 1.55 1.56 1.56 
3 20 3.08 3.10 3.08 3.10 3.11 
4 30 4.58 4.60 4.61 4.62 4.64 
5 40 6.05 6.09 6.11 6.10 6.14 
6 50 7.55 7.58 7.54 7.59 7.64 
7 60 7.48 8.60 8.81 9.05 8.89 
8 >70 Engine stalled 
 
 
Fig. 3. Relationship between BSFC and load variation 
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Fig. 4. Thermal efficiency at various engine loads for different fuels 
3.4. Thermal efficiency 
Thermal efficiency indicates the ability of the combustion system to accept the experimental fuel, and 
provides comparable means of assessing how efficient the energy in the fuel was converted to mechanical 
output [18]. The relationship between engine load and the thermal efficiency for diesel engine with diesel 
fuel and difference ethanol-diesel blends are shown in Fig. 4. The trend of the graph shows that the 
thermal efficiency increases with an increase in engine load then decrease when the load reaches to 
maximum. The highest thermal efficiency of 23.52% was observed for diesel engine with ethanol-diesel 
blends E7.5% at 50 Nm load. At 50 Nm the diesel engine fuelled with diesel alone produces lowest 
thermal efficiency compared to others different ethanol diesel blends. This result is inconsistent with Ajav 
[19] which explain that the brake thermal efficiency for the same load condition decreased with 
increasing the ethanol content in the blend. Due to the irregular results in this experiment, strengthening 
the reason that the ethanol and surfactant used is suspected as cetane improver. 
3.5. Exhaust gas temperature 
The relationship between engine load and the exhaust gas temperature for diesel engine with diesel 
fuel and difference ethanol-diesel blends are shown in Fig. 5. From the figure, it clearly that as the load 
increases, the exhaust gas temperature increases. The maximum exhaust gas temperature of about 472oC 
was obtained at maximum load (60 Nm) when the engine operated with diesel fuel alone. This result is 
consistent with previous research by Ajav [19] which explained that the maximum exhaust gas 
temperature observed at maximum load (100%). The graph also indicated that the exhaust gas 
temperature decrease as the percentage of ethanol in the blend was increased. This is due to the ethanol as 
partially oxidized (OH radicals), and while burning has lower burning temperature, reduced exhaust gas 
temperatures were observed when running on blends [19]. 
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Fig. 5. Exhaust gas temperature at various loads for different fuels 
3.6. Lubricating oil temperature 
The relationship between engine load and the lubricating oil temperature for diesel engine with diesel 
fuel and difference ethanol-diesel blends are shown in Fig. 6. The trend of the lubricating oil temperature 
shows temperatures increase with increase in engine load. The highest lubricating oil temperature in every 
load was observed for diesel engine with ethanol-diesel blend E5%. Meanwhile the lowest lubricating oil 
temperature in every load was observed for diesel engine with ethanol-diesel blend E10%. This result 
agree with Ajav [19] which is the reduced lubricating oil temperature of blends may be attributed to the 
fact that ethanol causes cooling while burning due to its oxidation. 
 
Fig. 6. Lubricating oil temperature of the engine at various loads 
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Table 5. Exhaust emissions of the engine using various fuels at close to maximum load (50 Nm) 












1 Solar 0.57 - 125 - 79.6 - 
2 E2,5% 0.12 79 108 14 85.5 7 
3 E5% 0.33 42 70 44 52.2 34 
4 E7,5% 0.31 46 66 47 50.1 37 
5 E10% 0.61 7 137 10 74.3 7 
 
3.7. Exhaust emission 
The exhaust emissions of the diesel engine in this experiment were studied in terms of CO, HC, and 
smoke. The exhaust emissions of the engine using various fuels at close to maximum load (50 Nm) were 
summarized in Table 5. From the table, it can be seen as the increase of ethanol in the blends, the 
percentage of CO, HC, and smoke decreased.  
According to Ajav [19] the emission reduction in diesel engine with ethanol blend occurred due to the 
oxygen content of the ethanol in the fuels blended would help to increase the oxygen-to-fuel ratio in the 
fuel regions. With supported that the fact that ethanol has less carbon than diesel, therefore, the complete 
combustion will obtained and the CO, HC, and smoke are reduced. 
4. Conclusions 
An experiment was carried out on a two cylinder direct injection diesel engine using diesel fuel and 
ethanol-diesel blends at various engine load and ethanol percentage. The brake power of the diesel engine 
increases with increasing of ethanol percentage. The indicated mean effective pressure increase when 
percentage of ethanol in the blend increases up to 5%. The brake specific fuel consumption decreases 
with the increase of ethanol percentage in the blend. The exhaust gas temperature decreases and the 
lubricating oil temperature increases corresponding to the addition of ethanol percentage in the blend. The 
emissions of CO, HC, and smoke in the exhaust gas reduced due to the increase of ethanol percentage in 
the blend. 
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